Because trijodobenzoic acid increases pod number, albeit variably, in soybean (Glycine max), we tested other auxin-transport inhibitors. Morphactins, especially methylchlorflurenol (MCF), were found to be very active (optimal concentration 10 micromolar) when sprayed onto the foliage. Applications at 1 week after the start of flowering were most effective, producing a 40% increase in pod number with little inhibition (12%) of stem elongation. MCF increased the number of pods initiated (reaching 1 cm length) at least partially by prologing the initiation period, while pod abortion (failure of pods > 1 cm long) remained low.
number in soybean. In addition, these inhibitors may provide a tool for probing the role of auxin transport in regulating pod development and leaf senescence processes.
In this study, we have used auxin-transport inhibitors to examine (a) potential involvement of auxin in regulating pod development and (b) the effect of increased pod number on total seed yield.
MATERIALS AND METHODS
Soybean plants (Glycine max [L.] Merr. var Anoka) were grown indoors in pots ofsoil as described by Lindoo and Nooden (16) and Derman et al. (5) . After the second trifoliate leaf had expanded (3-4 weeks), the plants were placed in environmental control chambers (27°C day, 22°C night, 10-h day with lighting given in References 5 and 16). The visual procedures for scoring the yellowing of the leaves and pod development are discussed by Lindoo and Nooden (16) .
The treatment solutions containing 0.05% (v/v) Tween 80 were sprayed onto the foliage almost to incipient runoff. Care was taken to avoid spraying the pods. Each treatment group contained five plants. CF TIBA2, an inhibitor of auxin transport (22) , can increase pod number in soybean; however, this effect and any consequent yield improvement are variable (10) . DPX 1840, another auxin transport-inhibitor (2), can also raise pod number in soybean (1, 2).
The discovery of a broad array of other auxin-transport inhibitors including morphactins (22) , N-naphthylphthalamic acid (22) , and others (8, 14, 15) (Table I) , while higher concentrations did. MCF (10-5 M) applied earlier also inhibited stem elongation and decreased pod number; application at 1 week before flowering decreased stem length by 69%, pod number by 74%, and seed yield by 56%. MCF at 10-5 M induced a substantial (40%) increase in pod number (Fig. 1 ) when applied at week after the start of flowering. This increase seems to be due mainly to prolongation of the period of pod initiation (Fig.  1) . The fruit maturity index (which is a measure of the average developmental stage of the pods) indicates that MCF treatment caused some delay (3-4 d) during pod maturation. Since MCF treatment caused a similar delay in the fruit maturity index calculated for the 10 most advanced pods on each plant (data not shown), MCF actually retarded pod development rather than just shifting the average by adding younger pods. Pod abortion (failure of pods > I cm in length) did not offset the increases in pod load but remained at a fairly low level (about one pod per plant) in both the MCF-treated and control plants. Overall seed yield (dry weight) was not increased in the MCF-treated plants (Table I) . Thus, the treated plants produced more but correspondingly smaller seeds.
To facilitate comparison of the effect (3-4 d delay) of MCF (10-1 M) on pod development ( Fig. 1) with effects on leaf senescence parameters (Fig. 2) , the same plants and time axes are shown in Figures 1 and 2 . MCF did not alter the sequence of leaf changes which start with yellowing, followed by blade abscission and finally petiole abscission. MCF caused a brief delay in leaf yellowing ( Fig. 2A) , about 2 d (at 50% of leaves 2 1/2 yellow). Comparing these curves at the 50% point, blade abscission ( Of the other transport inhibitors, NPA was tested at 10-9 to 101 M and CPD, CPP, and PBA at 10-1 and 10' M, but only 10' M CPP produced a large increase in pod initiation (Table  I) .These treatments with other transport inhibitors, except 10' M CPP, did not significantly suppress stem elongation. Thus, we have no assurance that the chemicals were exerting any substantial physiological effect. DISCUSSION The observations that both TIBA and DPX 1840, which are inhibitors of auxin transport (22) , can increase pod number on soybean, albeit variably, suggests that auxin flux may play a role in regulating pod number. Thus, it seemed worthwhile to determine whether or not other inhibitors of auxin transport can promote pod initiation in soybean.
Ofthe auxin-transport inhibitors tested (CF, CPD, CPP, MCF, NPA, PBA, and TIBA) by application to the foliage of soybeans, MCF is clearly the most effective in increasing pod number. The promotive effect of morphactin on fruit development seems not to be unique to soybean; however, morphactin can also be inhibitory (3, 6, 17, 24) . MCF apparently increases the number of pods initiated (reaching cm length) on soybean plants by prolonging the period of pod initiation. With or without the MCF treatment, abortion of pods-, 1 cm in length remains low; thus MCF does not act through prevention ofpod abortion. Seed number is also increased, though not so much as pod number. Seed yield (dry weight/plant) does not increase with the number of pods and seeds; the treated plants produce more but smaller seeds. Thus, simply increasing pod number will not increase seed yield. Using a wide range of doses including some about equal to our maximum, Clapp (4) reported no increase in pod number (and possibly a decrease at the highest dose); however, his conditions and formulation were very different. Likewise, Dybing and Lay (6) increase.
TIBA inhibits soybean stem elongation and may alter apical dominance (10, 25) . While this reduction in stem length can increase soybean yields through a decrease in lodging (1 1), the promotion of axillary outgrowth producing more flowers may also be a factor leading to increased pod number (25) . Like TIBA, MCF and the other auxin-transport inhibitors studied here can interfere with stem elongation, but as with TIBA, that effect is not necessarily correlated with increased pod number.
Although MCF (0.36-3.6 x 10' M) may inhibit Chl breakdown in Rumex leaf discs (7), a variety of effects, including promotion of Chl loss by CF and other morphactins, has been reported recently (7) . Several morphactins may cause a slight inhibition of soybean leaf yellowing under field conditions (6), and we have observed that MCF (10-0 M) causes only a small delay in the yellowing and abscission of soybean leaves in environmental control chambers. Since any retardation of pod development could also be expected to retard leaf senescence (19, 20) , the effect of MCF on senescence could be an indirect result of its action on pod development. At a high concentration (10' M), MCF caused a similar delay in pod development, leaf yellowing, and blade abscission. Petiole abscission was, however, inhibited much more, which seems contrary to the idea that abscission is promoted by reduced auxin flux (21) . Still, foliar applications of auxin delay leaf yellowing in soybean and some other species (19, 21) 
